VIRTUAL-TIGHT-WIRE SYSTEM FOR ASSEMBLY AND REPAIR OF ROTARY 

MACHINERY 


Field of the Invention 

The present invention relates to methods and systems for establishing a 
centerline and, more particularly to methods and systems that utilize a virtual 
tight-wire in the assembly and/or repair of a large rotary machine. 

Background 

To assemble or repair large rotary machinery, such as steam turbines, 
combustion turbines or power generators, it is often necessary to precisely locate 
a centerline in the machine. Conventional methods for locating a centerline 
involve the use of a tight-wire. A tight-wire is a steel wire that is strung tightly 
between two ends of a rotary machine. The wire is stretched across the length of 
the machine and is then precisely centered at each end to establish the 
centerline. 

Establishing a centerline using conventional tight-wire procedures is labor- 
intensive and is prone to human error. Positioning a tight-wire at the two ends of 
a rotary machine requires a large number of measurements and adjustments. 
The measurements and adjustments must be made in a repetitive and iterative 
manner to zero in on the centerline. The accuracy of the results are highly 
dependent upon the operator's expertise. Various adjustment data from wire-sag 
tables must also be taken into account in order to compensate for the natural sag 
of the tight-wire. 


Another significant problem with conventional tight-wires is the fact that 
the tight-wire obstructs the internals of a machine during an assembly or repair. 
While the tight-wire is in place, it is not possible for many other operations to be 
performed. In industries, like the power generation industry, where every hour of 
an outage can result in tens of thousands of dollars of lost revenue, this problem 
is significant. In such industries, it is critical that assembly and repair operations 
be carefully timed and coordinated to use every available hour of an outage 
effectively. 

Summary of the Invention 

With the foregoing in mind, methods and systems consistent with the 
present invention utilize a virtual tight-wire to determine a centerline in a large 
rotary machine. The virtual tight-wire is not obstructive and does not interfere 
with other operations that may need to be performed during a repair or assembly. 

A columnar light source, such as a laser emitter, is positioned at one end 
of a rotary machine. Centering tools containing light receivers are placed on a 
reference cylindrical surface at opposite ends of the rotary machine. A columnar 
beam of light is emitted" from the light source towards the light receivers. The 
beam of light is adjusted until it is aligned with the light receivers in each 
centering tool. This establishes the centerline with respect to the reference 
surfaces. The beam of light than acts as virtual tight-wire for identifying the 
centerline over the length of the rotary machine. 

These and other objects, features, and advantages in accordance with the 
present invention are provided in one aspect by a system for establishing a 


centerline in a rotary machine relative to a first and second reference surface. 
The system comprises (a) a light source for emitting a columnar beam of light; (b) 
a support structure for fixedly supporting the light source relative to the rotary 
machine; (c) a first centering tool having a pass-through light receiver disposed 
at one end of the centering tool at a position such that the center of the receiver 
lies at the center of the first reference surface when an opposite end of the 
centering tool is positioned to abut the first reference surface; (d) a second 
centering tool having a light receiver disposed at one end of the centering tool at 
a position such that the center of the receiver lies at the center of the second 
reference surface when an opposite end of the centering tool is positioned to 
abut the second reference surface; and (e) an adjustment mechanism on the 
support structure for adjusting the position of the light source in at least a 
horizontal and vertical direction and for aligning the beam of light to impact the 
center of the light receivers in the first and second centering tool. 

In another aspect, the present invention comprises a method for 
determining a centerline in a rotary machine. The method comprises the steps of 
(a) positioning a light source at a first end of said rotary machine near the center 
of a first curved reference surface; (b) positioning a first and second centering 
tool on the first and second curved reference surface, the first and second 
centering tool having a light receiver at a distal end of the centering tool at a 
position such that the center of the light receiver corresponds with the center of 
the curved reference surfaces; (c) emitting a beam of light from the light source 
toward the first and second centering tools; (d) adjusting the position of the light 


source so that the beam passes through the center of the light receivers in the 
first and second centering tool; and (e) fixing the position of the light source to 
indicate the centerline. 

Rrief Descripti on of the Drawings 

The invention is explained by way of example with reference to the 

following drawings: 

Figure 1 illustrates an exemplary rotary machine for which methods and 
systems consistent with the present invention may be utilized. 

Figures 2A and 2B illustrate a centering tool consistent with an exemplary 
embodiment of the present invention. 

Figure 3 illustrates a light source and support structure consistent with an 
exemplary embodiment of the present invention. 

Figure 4 illustrates a tool-support structure consistent with an exemplary 
embodiment of the present invention. 

Figure 5 illustrates a virtual-tight-wire system consistent with an exemplary 

embodiment of the present invention. 

retailed Description 
Figure 1 illustrates an example of a rotary machine that is suitable for use 
with methods and systems consistent with the present invention. The rotary 
machine illustrated in Figure 1 is a conventional power generator 10 of the type 
used in the power generation industry. It should be understood that many other 
rotary machines, such as steam turbines and combustion turbines, are suitable 


for use with methods and systems consistent with the present invention. A 
power generator will be discussed merely to provide an exemplary context. 

The power generator 10 illustrated in Figure 1 includes a rotor 12 
surrounded by a stator 14 and is enclosed by a housing 16. The rotor 12 and 
stator 14 are wound with electrical conductors. The rotor 12 is generally 
supported at each end by bearing assemblies 18. The rotor 12 spins inside of 
the stator 14 to produce electric power. 

Referring now to Figure 2A, during the assembly or repair of a rotary 
machine, it may become necessary to locate a center with reference to two or 
more components 22 having cylindrical or semi-cylindrical surfaces 20. For the 
power generator illustrated in Figure 1, for example, it may be necessary to 
locate a centerline with reference to the bearing assemblies 18 located at 
opposite ends of the rotary machine. In this case, the component part 22 is the 
bearing assembly 18 and the cylindrical surface 20 is the inner surface of the 

bearing assembly 18. 

Methods and systems consistent with the present invention utilize one or 
more centering tools 24, like the one illustrated in Figure 2A, to mark the center 
of the cylindrical surface 20. The centering tool 24 includes a light receiver 26 at 
one end, capable of receiving and detecting a columnar beam of light from a light 
source. The light receiver 26 is located on the centering tool 24 at a location 
such that when the opposite end of the centering tool 24 is positioned to abut the 
inside of a cylindrical surface 20, the center of the light receiver 26 is located at 
the center of the cylindrical surface 20. The centering tool 24 that will be placed 
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closest to the light receiver 26 should include a light receiver of the pass-through 
type so that the columnar beam of light can pass through the first centering tool 
24 to impact the second centering tool 24. 

The opposite end of the centering tool 24 has a surface configured to rest 
and abut against the inside of a cylindrical surface 20. This end of the centering 
tool 24 may include permanent magnets, for example, to temporarily hold the 
centering tool 24 in place. In order to confirm the concentricity of a cylindrical 
surface 20, it may be desirable to move the centering tool 24 to various positions 
on the cylindrical surface 20 as illustrated in Figure 2B. The exact dimensions of 
a centering tool 24 will vary depending on the dimensions of the component part 
22 and cylindrical surface 20 being referenced to establish the centerline. 
Centering tools are preferably constructed in advance of a repair or assembly by 
using dimensions supplied by the manufacturer of the relevant component parts. 
The centering tools may then be stored until needed. 

Referring now to Figure 3, a light source 30, such as an eye-safe laser 
emitter, is provided for emitting a columnar beam of light 32. The light source 30 
is held in place at a location near the center of the bore of a cylindrical surface 20 
at one end of the rotary machine by a support structure 34 or by a stable stand- 
alone fixture. The support structure 30 includes mechanisms for adjusting the 
vertical and horizontal position of the light source 30 and may also include 
mechanisms for tilting and rotating the light source 30. The mechanisms may be 
manually adjusted or may be automatically adjusted by linear and/or rotary 
actuators, such as a screw actuators and/or stepper motors. 


Figures 4 and 5 illustrate various components that combine to make up a 
virtual-tight-wire system consistent with an exemplary embodiment of the present 
invention. A centering tool 24 is positioned to abut against the cylindrical surface 
20 of a component part 22 at each end of the rotary machine. A light beam 32 is 
emitted from the light source 30 and is aligned to impact the center of the light 
receiver 26 in each centering tool 24. Once the light beam 32 has been aligned, 
the centerline has been established and the light source 30 should be fixed in 
place. At this point the light source 30 may be turned off. When there is a need 
to reference the centerline, the light source 30 can simply be turned back on. 

Virtual-tight-wire systems consistent with the present invention may also 
include a tool-support structure 40. An exemplary tool-support structure 40 is 
illustrated in Figures 4 and 5. The tool-support structure 40 may be used to 
facilitate precision machining and repair procedures that need to be performed 
within the interior of the rotary machine. The tool-support structure 40 includes a 
central portion 44 with a pass-through light receiver 46 for detecting and passing 
the beam of light 32 emitted by the light source 30. Three or more bracing arms 
42 are provided around the central portion 44 to position and hold the central 
portion 44 in place. The bracing arms 42 may include transducers, such as 
LVDT transducers, for measuring the length of the bracing arms 42 and the 
relative position of the central portion 44. The tool-support structure 40 includes 
a tool-support arm 48, which attaches to and rotates about the central portion 44. 
The tool-support arm 48 is configured to support one or more tools 49 for 
performing machining or repair procedures within the rotary machine. 


An exemplary method of establishing a centeriine in a rotary machine 
using the virtual-tight-wire system illustrated in Figure 5 will now be described. 
The light source 30 is positioned at one end of the rotary machine, near the 
center of a first reference cylindrical surface 20. A first centering tool 24 is 
placed on the first cylindrical surface 20. A second centering tool 24 is placed on 
a second cylindrical surface 20, which may be located, for example, at the 
opposite end of the rotary machine. A columnar beam of light 32 is then emitted 
from the light source 30 toward the first and second light receivers 26 in the first 
and second centering tools 24. The position of the light source 30 is adjusted 
until the light beam 32 passes through the centers of the first and second light 
receivers 26. Once the light beam 32 is aligned, the centeriine with respect to 
the two cylindrical surfaces 20 is established. The position of the light source 30 
is then fixed in place to provide a reference to the centeriine. 

The exemplary method may also include steps for utilizing the tool-support 
structure 40 for performing precise machining or repair operations in the interior 
of the rotary machine. The tool-support structure 40 is positioned within the 
rotary machine using the bracing arms 42. The position of the tool-support 
structure 40 is adjusted until the pass-through light receiver 46 pass the light 
beam 32 and the light beam 32 is centered within the light receiver 46. The tool- 
support structure 40 is then temporarily fixed in place. At this point the tool- 
support structure 40 has been precisely centered with respect to the established 
centeriine and various machining or repair operations may be performed. The 


tool-support structure 40 may also include an adjustable tool-support arm 48 for 

position one or more tools 49. 

The present invention has been described with reference to the 
accompanying drawings that illustrate preferred embodiments of the invention. 
The invention may, however, be embodied in many different forms and should 
not be construed as limited to the embodiments set forth herein. Rather, these 
embodiments are provided so that this disclosure will be thorough and complete, 
and will fully convey the scope of the invention to those skilled in the art. Thus, 
the scope of the invention should be determined based upon the appended 
claims and their legal equivalents, rather than the specific embodiments 
described above. 
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